The Shapley Concentration (SC) is a galaxy supercluster (few tens of degrees) in the Local Universe (<z>∼0.048) which is currently undergoing cluster mergers and group accretion. It is a diversified environment, with cluster complexes in advanced evolutionary stage, groups of clusters in the very early stages of merger, fairly massive clusters with ongoing accretion activity, and smaller groups located in filaments. These features make the SC an ideal place to observe the signatures of the formation of large-scale structures in the Universe. As a matter of fact, the SC has been observed over a broad range of frequencies with the most important observatories, allowing for a unique multiband study. In this paper, we will present new results from an ongoing study of the Shapley Concentration Core, which is being carried out with the Giant Metrewave Radio Telescope (GMRT). Our work confirms the role played by radio observations in disentangling the details of the accretion and merging processes, and delivers a wealth of information in regions well outside the cluster cores. In particular, we will report on the discovery of a relic in the region between the two clusters A 3558 and A 3562, and of the radio properties of the brightest galaxy in the peripheral cluster A 3556.
investigation, the connection between radio halos, relics, and cluster mergers is supported by a number of observational results. In particular:
(1) diffuse emission in the form of a radio halo may be or may be not present. When detected, it correlates with the cluster X-ray luminosity (Kale et al. [3] and references therein) and/or mass (Cassano et al. [4] ); (2) a quantitative link exists between the presence of a radio halo and the cluster dynamical status, as derived by the substructure analysis of the X-ray emission (Buote [5] ; Cassano et al. [6] ); (3) the occurrence of radio halos is a steep function of the cluster mass; i.e., the number of radio halos increases considerably for masses M 500 ≥ 8 × 10 14 M Sun (Cuciti et al. [7] and references therein), a result which is consistent with the expectations of the turbulent re-acceleration model; (4) giant radio halos with ultrasteep spectrum (α ≥ 1.5 − 1.6 for S∝ ν −α ) have been found by means of deep observations at frequencies below 1 GHz (some remarkable examples are A 521, Brunetti et al. [8] and Dallacasa et al. [9] ; A 697, Macario et al. [10] ; RXCJ 1514.9-1523, Giacintucci et al. [11] ). Such class of diffuse cluster sources is predicted by the re-acceleration model in the presence of minor mergers; i.e., less energetic and/or less massive (5 − 8 × 10 14 M Sun ) merger events (Cassano [12] ); (5) the connection between radio relics and cluster mergers is also well established (e.g., Ensslin et al. [13] ; Hoeft & Brüggen [14] ). They are found in the outskirts of galaxy clusters, and are thought to trace shock waves generated during merger events. The details of the re-acceleration in relics is still debated, and a clear association between relics and shocks has only been seen in few cases. As a matter of fact, the detection of shocks in galaxy clusters is challenging, partly because projection effects could hide temperature and density jumps, and partly because the strongest shocks are expected in the clusters outskirts, where the X-ray brightness is low. Remarkable examples of relics at merger shocks are A 754 (Macario et al. [15] ), A 115 (Botteon et al. [16] ), and CIZA J 2242.8+5301 (Ogrean et al. [17] ). As for radio halos, scaling relations seem to hold for relics, too, though with high dispersion (de Gasperin et al. [18] ).
Aside from these strong pieces of evidence in support of the connection between halos and relics and cluster mergers, a handful of giant radio halos have recently been found in clusters which do not show obvious signatures of major mergers (CL 1821+643, Bonafede et al. [19] and Kale & Parekh [20] ; A 2142, Farnsworth et al. [21] and Venturi et al. [22] ; A 2390 and A 2261, Sommer et al. [23] ), a result which shows that our understanding is still incomplete.
Most of our current knowledge on the connection between cluster mergers and diffuse cluster radio sources builds on observations of samples of massive clusters (M≥ 8 × 10 14 M Sun ); at the same time, the dominant process of mass assembly in the Universe is the accretion of systems of smaller mass in less extreme processes-the so-called minor mergers. The steep relation between the cluster mass (or X-ray luminosity) and the radio power for radio halos (Cassano et al. [4] ) and relics (de Gasperin et al. [18] ) makes the detection of such sources in less massive systems an extremely challenging task for the current radio interferometers; hence, the observational signatures of minor mergers are still largely unexplored. In fact, the faint population of halos, relics, and mini-halos will be best targeted in the future by SKA and its precursors (Cassano et al. [24] , Cassano et al. [25] , and Gitti et al. [26] ).
The Shapley Concentration in Context
An ideal place in the nearby Universe to study the mass assembly processes is the Shapley Concentration (SC, mean redshift z = 0.048, which implies a conversion factor of 0. [27] ) and luminosities (from L X,SC1329 = 0.5 × 10 44 erg/s to L X,A 3558 = 6.7 × 10 44 erg/s, de Filippis et al. [28] ). Hence, deep radio observations of the SC are a unique chance to fill the gap in our knowledge of the observationals signatures of minor mergers on the radio emission properties, as the rate of occurrence of diffuse cluster sources in less energetic mergers is still unknown.
The central region of the SC is dominated by the A 3558 complex, a "chain" of clusters aligned in the East-West direction which includes A 3556, A 3558, A 3562, and the two SC groups SC 1329-313 and SC 1327-312 (see Figure 1) , and by the A 3258 complex, which encompasses A 3528, A 3530, and A 3532. Due to its exceptional role, the SC core has been studied at all energy bands, from the X-ray (e.g., Ettori et al. [29] , Gastaldello et al. [30] , Rossetti et al. [31] , Ursino et al. [32] ) to the radio (e.g., Venturi et al. [33] [34] [35] [36] , Giacintucci et al. [37, 38] ), and has a wealth of data from Galex Spitzer and deep AAT spectroscopy from the ACCESS survey (e.g., Haines et al. [39] , Merluzzi et al. [40, 41] ), which further highlight intense merging activity.
The unique multiband coverage of the SC core suggests that:
(1) the A 3558 complex is undergoing merging processes, as witnessed by the presence of a radio halo at the centre of A3562 (Venturi et al. [42] and Giacintucci et al. [38] ), and gas stripping in a number of galaxies in the region between A 3562 and A 3558 (Merluzzi et al. [40, 43] ); (2) A 3558 itself is an intriguing cluster. On the basis of a deep analysis based on XMM-Newton and Chandra data, Rossetti et al. [31] classified it as an intermediate case between cool-core and non-cool-core cluster: a cold front is located at ∼100 kpc in the SE direction, and more recently, two new candidate cold fronts at ∼500 kpc and at ∼1 Mpc, respectively SE and NW of the cluster centre, have been found (Rossetti et al., in prep.). Rossetti et al. [31] concluded that the relaxation process of A 3558 has most likely been perturbed either by the passage of the small group SC 1327-312 or by an off-axis merger with a more massive cluster, whose debris are A 3562 and the two SC groups in the region between A 3558 and A 3562 (see Figure 1) ; (3) the clusters in the A 3528 complex are most likely in a pre-merger stage, as suggested by the X-ray properties (Gastaldello et al. [30] ) and by the properties of the radio galaxies (Lakhchaura et al. [44] , Di Gennaro et al. [45] ): the radio emission from the BCGs (Brightest Cluster Galaxies) in A 3528 and A 3532 is typical of very relaxed systems; i.e., high radio power and extended morphology with tails and signs of restarted activity.
With the purpose of exploring the full field of the A 3558 complex and performing a comparison study between the A 3558 and the A 3528 complexes (extended emission on the cluster scale, radio study of the BCGs, and of the radio galaxy population as a whole), we started an observational campaign of both cluster complexes with the GMRT at 610 MHz, 325 MHz, and 240 MHz. Here we present new results for the A 3558 complex, while our study of the A 3528 complex will be published in Di Gennaro et al. [45] .
Observations
We observed the A 3558 complex with the GMRT at 240 MHz, 325 MHz, and 610 MHz in several different observing runs. A study of the eastern part of the complex (i.e., A 3562) at these frequencies was published in Giacintucci et al. [38] . Here we report preliminary results from our observations at 325 MHz, pointed at the centre of A 3558 (i.e., RA J2000 = 13 h 27 m 54 s , DEC J2000 = −31 • 29 32 ) . The field of view of the GMRT at this frequency is ∼ 1.8 • × 1.8 • ; therefore our pointing covers the full A 3558 complex. The raw data were first processed with the software flagcal (Prasad and Chengalur [46] ) to remove radio frequency interferences and apply bandpass calibration; then, further editing, calibration, self-calibration, and imaging were performed with the NRAO AIPS software (Astronomical Imaging Processing System). To improve the image quality and correct for residual artifacts due to the presence of strong point sources in the field, direction-dependent calibration was carried out with the PEELR procedure in AIPS. The final rms in the full-resolution image (14.1 × 9.5 ) ranges from ∼75 µJy/b in regions void of radio sources to ∼0.1 mJy/b close to the pointing centre. A gray-scale version of the final image is given in Figure 2 , where the the location of all clusters is reported. 
Results
The full analysis of the 325 MHz image is still in progress. Here we report on the discovery of diffuse radio emission in the A 3558 complex between A 3558 and A 3562, where the two SC groups are located (Figures 1 and 2) , and on new features of the radio emission associated with the BCG in A 3556, at the western end of the chain.
The Relic
We found a radio relic in the region between the two SC groups SC 1327-312 and SC 1329-313, at a distance of ∼ 20 and ∼ 12 , respectively (note that the Abell radius in the Shapley Concentration core is ∼ 36 ). Figure 3 shows the 325 MHz contours overlaid in the Digitized Sky Survey Red plate (DSS2), and highlights the lack of a clear (or even candidate) counterpart to the radio emission. The size of the relic in our image is ∼ 350 kpc, which is small but not unusual. Its radio power is low (P 325 MHz = 3 × 10 23 W Hz −1 ), and it is at least qualitatively consistent with the scaling relation between the radio power of relics and the mass of the host cluster (see de Gasperin et al. [18] ), considering that the mass estimated for SC 1329-313 from Beppo-SAX observations is approximately ∼ 3.5 × 10 14 M Sun (Bardelli et al. [47] ). The relic is overlaid on the XMM-Newton X-ray image in Figure 4 , which clearly shows the location between the two SC groups.
Hints of the presence of this relic have been unveiled "a posteriori" in the images published in Giacintucci et al. [38] , but the sensitivity of those images is too low to derive an estimate of its spectral index. The relic is undetected at 150 MHz in the First Alternative Data Release (ADR1) of the TGSS (TIFR GMRT Sky Survey) (Intema et al. [48] ), most likely due to sensitivity limitations. Figure 3 shows the 325 MHz emission of J 1332-3146a, surrounding a bright galaxy in SC1329-313. Comparison with earlier imaging with the Very Large Array at 1.4 GHz (Giacintucci et al. [38] ) suggests a very steep spectrum for this emission, α 1400 MHz 325 MHz ∼ 2 − 2.5 (S∝ ν −α ). At the same time, the compact component embedded in the extended radio emission and associated with a cluster member (z = 0.043) m b = 15.3 galaxy suggests that its nucleus could be active. The nature of this radio emission, and the connection with the radio activity cycles of the bright galaxy and with the location within the A 3558 complex will be clarified with new 240 MHz and 610 MHz observations currently in the reduction stage.
Restarted Radio Emission in J 1332-3146a?
Giacintucci et al. [38] proposed that the origin of the radio halo in A 3562 could be sloshing induced in the cluster core by the passage of SC 1329-313 in its infalling motion westwards towards A 3558, hence highlighting the merger/accretion processes at work here. The discovery of the radio relic and the very steep extended emission of J 1332-3146a are another piece of evidence in support of the dynamical activity in the A 3558 complex. Whether the relic originates from the interaction between A 3562 and SC 1329-313, or from the ongoing dynamical activity between A 3558 and SC 1327-312 (Rossetti et al. [31] , Merluzzi et al. [43] ) is currently under investigation. Figure 5 shows the central region of A 3556, where the head-tail radio galaxies J 1324-3138 and J 1324-3140 are located. J 1324-3138 was studied in detail in a previous work (Venturi et al. [49] ), while J 1324-3140 was classified as point-like on the basis of 13 and 22 cm performed with the Australia Telescope Compact Array (ATCA) (Venturi et al. [33] ). Our observations reveal the presence of two symmetric lobes with very low surface brightness. A comparison with images at 610 MHz and 235 MHz shows that these features have very steep spectrum α 610 MHz 325 MHz ∼2, while the compact component has a spectral index α 1400 MHz 235 MHz ∼0.8, typical of active radio galaxies (Di Gennaro et al. [45] ), The low frequency GMRT observations also reveal some emission between the head of J1324-3138 and J1324-3140 (undetected at the ATCA wavelengths), labelled A in Figure 5 . The nature of this emission is still unclear, and is under investigation. Figure 5 shows the presence of some galaxies within the lowest radio contour, but it is not clear at this stage if A is a blend of radio emission from a number of cluster galaxies, or extended emission of different nature. A study of the radio emission of the BCGs in the A 3558 and A 3528 complexes clearly shows that the radio properties of J1324-3140 are similar to those of the BCGs in relaxed/pre-merger environments, suggesting that A 3556 has not yet been involved in the merger ongoing activity in the A 3558 complex (Di Gennaro et al., [45] ).
The Western End of the A 3558 Complex: A 3556

Conclusions
The preliminary results presented here cast light on the peripheral regions of the A 3558 complex in the Shapley Concentration core, and provide important information towards our understanding of the merger and accretion properties at play here.
We report on the discovery of a radio relic at the eastern periphery of A 3558, in the region between the two SC groups, where accretion processes are expected to be ongoing. The relic has a relatively small linear size (∼ 350 kpc) and low radio power, qualitatively consistent with the scaling relations for the radio power of relics and the mass of the host cluster. Indeed, the masses of the clusters and groups in the Shapley Concentration core are low-to-intermediate (few times 10 13 to ∼ 8 × 10 14 M Sun ). The merging event at the origin of the relic-in particular the accretion history of A 3558-is under investigation by us with a multiband approach.
Moreover, our observations and preliminary spectral analysis of the radio galaxy J 1331-3146a-located in the same lively environment and detected in previous works-suggest that the radio emission consists of an active nucleus associated with the a bright galaxy surrounded by "dead" radio plasma. We also report on the discovery of two symmetric steep spectrum lobes associated with the BCG in A 3556, beyond the compact and active nucleus. A preliminary spectral analysis suggests restarted activity.
Neither the relic nor the lobes in J 1324-3140 were detected in relatively shallow all-sky surveys such as the Northern VLA SKy Survey (NVSS at 1.4 GHz), TGSS at 150 MHz, and SUMSS (Sydney Unversity Molonglo Sky Survey at 843 MHz), highlighting the need for deep pointed observations for the detection of cluster-scale diffuse radio emission in low-to-intermediate mass systems. We expect to considerably improve our knowledge of the radio properties of the Shapley Concentration in the near future, once the SKA precursors ASKAP and MeerKAT become operational.
